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O (57) Abstract: A composition and method are given for self-destrucuve fluid loss additives and filter cakes in wellbores and subter- 
^ ranean formations. The fluid loss additives and filter cakes are formed from a mixture of particulate solid acid-precursors such as a 
polylactic acid or a polyglycolic acid, and particulate solid acid-reactive materials, such as magnesium oxide or calcium carbonates 
O In the presence of water, the solid acid-precursors hydrolyze and dissolve, generating acids that then dissolve the solid acid-reactive 
> materials. The composition is used in oilfield treatments such as drilling, completion and stimulation where it disappears when it is 
1^ no longer needed without the use of mechanical means or injection of additional fluids. 
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SELF-DESTRUCTING FILTER CAKE 

Background of the Invention 

This mvention relates to a composition and method for generating self-destracting 
filter cakes in wellbores and in subterranean foimadons. More particularly it relates to a 
composition and method for injection of solids-containing fluids that form filter cakes in 
which acids are generated after die filter cakes have been placed. Fmally. it relates to using 
the composition and method in oilfield applications. 

There are many oilfield applications in which filter cakes are needed in the wellbore, 
in the near-wellbore region or in one or more strata of the formation. Such applications are 
those in which without a filter cake fluid would leak off into porous rock at an undesirable 
rate during a well treatment. Such treatments include drilling, drill-in, completion, 
stimulation (for example, hydraulic fracturing or matrix dissolution), sand control (for 
example gravel packing, firac-packing, and sand consolidation), diversion, scale control, 
water control, and odiers. Typically, after these treatments have been completed die 
continued presence of the filter cake is undesirable or unacceptable. 

Solid, insoluble, materials (that may be called fluid loss additives and filter cake 
components) are typically added to the fluids used in these treatments to form the filter cakes, 
although sometimes soluble (or at least highly dispersed) components of the fluids (such as 
polymers or crosslinked polymers) may form the filter cakes. Removal of the filter cake is 
typically accomplished either by a mechanical means (scraping, jetting, or the like), by 
subsequent addition of a fluid containing an agent (such as an acid, a base, or an enzyme) that 
dissolves at least a portion of the filter cake, or by manipulation of the physical state of the 
filter cake (by emulsion inversion, for example). These removal methods usually require a 
tool or addition of another fluid (for example to change the pH or to add a chemical). This 
can sometimes be done in the wellbore but normally cannot be done in a proppant or gravel 
pack. Sometimes the operator may rely on the flow of produced fluids (which wiU be in the 
opposite direction from the flow of the fluid when the filter cake was laid down) to loosen the 
filter cake or to dissolve the filter cake (for example if it is a soluble salt). However, diese 
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methods require fluid flow and often result in slow or incomplete fflter cake removal. 
Sometimes a breaker can be incorporated in the filter cake but these must normally be 
delayed (for example by esterification or encapsulation) and they are often expensive and/or 
difficult to place and/or difficult to trigger. 

There is a need for a new composition and method in which a filter cake is formed 
from at least two components, one of which slowly reacts with water, and the second of 
which reacts with a reaction product of the first to destroy the filter cake spontaneously 



Summary of the Invention 

One embodiment is an oflfield treatment composition including first a soHd that is one 
or more of lactide. glycoUde. polylactic acid, polyglycolic acid, copolymers of polylactic acid 
and polyglycoUc acid, copolymers of glycolic acid widi other hydroxy-. carboxyUc acid- or 
hydroxycarboxylic acid^ontaining moieties, copolymers of lactic acid with other hydroxy- 
carboxyUc acid-, or hydroxycarboxylic acid-containing moieties, and mixtures of the 
preceding, and second a solid that reacts with an acid. We will call the former a "soUd acid- 
precursor" and the latter a "solid acid-reactive material". In another embodiment, the soUd 
aad-reactive material is capable of at least partiaDy dissolving in an aqueous fluid. Ih yet 
another embodiment, the solid acid-reactive material promotes the formation of acid from the 
soUd acid-precursor. ^ another embodiment of the Invention, solid particles or fibers or 
other shapes of the solid acid-precursors of the Invention are fomied that include other 
materials, useful in oilfield treatments, for example solid acid-reactive materials such as 
calcium carbonate, aluminum hydroxide, magnesium oxide, calcium oxalate, calcium 
phosphate, aluminum metaphosphate, sodium zinc potassium polyphosphate glass, and 
sodium calcium magnesium polyphosphate glass. The solid acid-precursor in the oilfield 
treatment composition, including an embodiment in which it is mixed with or contains other 
materials, may be coated or encapsulated. 

Methods of the Invention include mcorporation of soUd acid-precursors and acid- 
reactive materials in treatment fluids to fonn filter cakes in drillmg. driU-m and completion 
treatments, in hydrauUc fracturing treatments, in diversion treatments, in scale control 
treatments, in water control treatments, in matrix dissolution treatments, in sand consoUdation 
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treatments, in frac-pacldng treatments, and in gravel packing treatments such that delayed 
acid generation occurs to delay at least part of the filter cake after the drilling, completion, 
fracturing, diversion or sand control treatment Other embodiments include using the solid 
acid-precursors and the solid acid-reactive materials in combination as components of fluid 

S loss additives that generate acid, after their use, to destroy some or all of the fluid loss 

.additive. Other embodiments include using the solid acid-precursors and solid acid-reactive 
materials in combination as components of driUing fluids, drill-in fluids, completion fluids, 
diversion fluids, and stimulation fluids such that the solid acid-precursors form part of the 
filter cake and then form acids in the filter cake to react >vith the solid acid-reactive materials 

10 to destroy some or all of the filter cake after a suitable delay. 

Brief Description of the Drawings 

Figure 1 shows the ability of various organic acids to dissolve calcite. 

15 Detailed Description of the Invention 

Excellent sources of acid that can be generated downhole when and where it is needed 
are solid cyclic dimers, or solid polymers, of certain organic acids, that hydrolyze under 
known and controllable conditions of temperature, time and pH to form the organic acids. 
We will call these solid materials "acid-precursors" and we will call the formation of acid 

20. downhole "delayed acid generation'*. One example of a suitable solid acid-precursor is the 
solid cyclic dimer of lactic acid (known as "lactide"), which has a melting point of 95 to 125 
?C, (depending upon tiie optical activity). Anoth^ is a polymer of lactic acid, (sometimes 
called a polylactic acid (or^"PLA")> or a polylactate, or a polylactide). Another example is 
the solid cyclic dimer of gylycolic acid (known as "glycolide'Ot which has a melting point of 

25 about 86 ^C. Yet another example is a polymer of glycolic acid (hydroxyacetic acid), also 
known as polyglycolic acid ("PGA")» or polyglycolide. Another example is a copolymer of 
lactic acid and glycolic acid. These polymers and copolymers are polyesters. 
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In many oilfield applications, fluid loss additives and filter cakes are needed during a 
treatment, but after the treatment it is desirable that the fluid loss additive or filter cake be 
substantially gone. To make fluid loss additives and filter cake components, acid-soluble or 
acid-reactive materials, such as but not limited to magnesia, aluminum hydroxide, calcite, 
S calcium oxalate, calcium phosphate, aluminum metaphosphate, sodium zinc potassium 

polyphosphate glass, and sodium calcium magnesium polyphosphate glass are mixed with or 
incorporated into, solid acid-precursors, such as cyclic ester dimers of lactic acid or glycolic 
acid or homopolymers or copolymers of lactic acid or glycolic acid. These fluid loss 
additives and filter cake components are added to fluids injected into the subsurface in . 

10 oilfield operations. At least a portion of the solid acid-precursors slowly hydrolyzes at 

controllable rates to release acids at pre-selected locations and times. The acids then react 
with and dissolve at least a portion of die acid-reactive materials^ The result is that at least a 
portion of both the solid acid-precursor and the acid-reactive sohd material dissolve. We will 
term this "self-destruction" of the mixture. This feature of these materials is used to improve 

15 many oilfield treatments. Preferably most or all of the solid material initially added is no 

longer present at the end of the treatments. It is not necessary either for all of the solid acid- 
precursor to hydrolyze or for all of the solid acid-reactive material to dissolve. It is necessary 
only that a sufficient amount of either no longer be a solid portion of die filter cake so that the 
filter cake no longer forms a deleterious barrier to fluid flow. 

20 Mixtures of one or more solid acid-precursors and one or more solid acid-reactive 

' materials may be purely physical mixtures of separate particles of the separate components. 
The mixtures may also be manufactured such that one or more solid acid-precursors and one 
or more solid acid-reactive materials is in each particle; this will be termed a '^combined 
mixture". This may be done, by non-limiting examples, by coating the acid-reactive material 

25 with the solid acid-precursor, or by heating a physical mixture until the solid acid-precursor 
melts, mixing thorougjdy, pooling, and conaminuting. For example, it is common practice in 
industry to co-extrude polymers with mineral filler materials, such as talc or carbonates, so 
that they have altered optical, thermal and/or mechanical properties. Such mixtures of 
polymers and solids are commonly referred to as •'filled polymers". When flie solid acid- 

30 reactive material is completely enclosed witiiin the solid acid-precursor, die solid acid- 
reactive material may be water-soluble, for example boric acid or borax, hi any case it is 
preferable for the distribution of the components in the mixtures to be as uniform as possible. 
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detennined by similar experiments. Naturally, a solid acid-precursor is selected that a) 
generates acid at the desired rate (after a suitable delay if needed) and b) is compatible with 
and does not interfere widi the function of other components of the fluid. An acid-reactive 
material is selected that dissolves in the evolving fluid at a suitable rate and is compatible 
with the function of other components of the fluid. This is done for all of the methods 
described below. 

The mixture self-destructs in sitUy that is, in the location where it is placed. That 
location may be part of a suspension in a treatment fluid in the wellbore, in the perforations, 
in a gravel pack, or in a fracture; or as a component of a filter cake on the walls of a wellbore 
or of a fracture; or in the pores of the formation itself. The mixture may be used in 
carbonates and sandstones. If the formation is significantly acid soluble, the amount of 
mixture, or the amount of solid acid-precursor in the mixtures, may be adjusted to account for 
consumption of acid in reaction with the formation. In use, even though the particles are 
intended to become part of a filter cake, they may end up in other places, where they are 
normally undesirable because they impede fluid flow, so in all locations self-destruction is 
desired. 

The particle sizes of the individual components of the mixture may be the same or 
different The particle sizes of the individual components of the mixture or of the combined 
nuxture, as they relate to the use as a fluid loss additive and as filter cake former components, 
depend primarily upon the pore size distribution of the rock onto which the filter cake is to be 
deposited and whether or not it is intended to eliminate or just to reduce fluid loss. Criteria 
for, and methods of, choosing the optimal particle sizes or particle size distributions for 
conventional fluid loss additives and filter cake components are well known. Other particle 
sizes may be chosen for embodiments of the current Invention; particle sizes or size 
distributions may be selected as a compromise between those that are optimal for fluid loss 
control or filter cake formation and those that are optimal for self-destruction at the desired 
time and rate. The rate of self-destruction can readily be measured in the laboratory in a 
given fluid at a given temperature. 

A particular advantage of these materials is that the solid acid-precursors and the 
generated acids are non-toxic and are biodegradable. The solid acid-precursors are often used 
as self-dissolving sutures. 
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The mixtures of soUd acid-precursors and soUd acid-reactive materials are used as 
fluid loss additives, optionally in combination with other materials, as components of filter- 
cake forming compositions. Mixtures in the fonn of particulates, fibers, films, ribbons or 
other shapes a« added to the drilling, completion, or stimulation fluid to prevent or minimize 
leakoff during reservoir drilling, drill-in. or stimulation operations - but in the long tenn they 
dissolve and eventually clean up without an additional treatment step. Furthermore, if the 
mixture is formulated so that it generates acid in excess of that required to dissolve ihe acid- 
reactive component, then the excess acid produced by hydrolysis stimulates the formation if 
it contains acid-soluble material, by etching either the surface of naturally occurring fractures 
or the face of the fonnation at the weUbore. Such mixtures that generate extra acid are 
particularly useful for drilling. "driU-m". and stimulation operations carbonate reservoirs. 
especiaUy in fractured carbonate reservoirs. Also, an appropriate amount of buffer may be 
added to the fluid or to tiie particles to counteract the effects of acid being generated by 
premature hydrolysis of tiie soUd acid-precursor. 

Similarly, a self-destructing fluid leak-off and filter cake forming additive is made for 
cWlling. completions, wellbore intervention and fracturing operations. A self-destructing 
driU-in fluid includes a mixture of tiie soUd acid-precursor and an acid-soluble particulate 
material, such as but not limited to CaCO,. aluminum hydroxide, or magnesia. This fluid 
creates a chemicaUy metastable filtercake diat prevents fluid leakoff and formation damage 
during tiie drilling process but readUy cleans up over time. As tiie solid acid-precursor 
hydrolyzes it forms an acid that attacks tiie carbonate or otirer particles and. since the solid 
acid-precursor and carbonates or otiier materials are intermingled during deposition, the 
cleanup process is uniform and extensive. In particularly preferred embodiments, the acid- • 
soluble material has a high solubility in tiie w situ generated acid. Uiat is. i given amount of 
tiie acid dissolves a large amount of tiie acid-soluble material. 

In hydraulic firactmmg. firac-packing, and gravel packing embodiments, the solid acid- 
precursor may be added in die pad. Uiroughout the treatment or to only some of the proppant 
or gravel stages. Tbc soUd acid-precursor or mkture may be a fiber in any of these uses and 
will retard flowback of proppant or gravel, and/or of fines if diey are present, until the solid- 
acid-precursor hydrolyzes and tiie mixture dissolves. A self-destructing fluid loss additive 
and filter cake is particulariy useful in hydraulic fracturing, frac-packing. and gravel packing 



8 



wo 2004/037946 



PCT/EP2003/011564 



because mechanical removal methods aie impossible and methods involving contacting the 
fluid loss additive and filter cake jvith an additional fluid are not practical. For example, 
calcite is knovm to be an exceUent fluid loss additive, but calcite is not soluble in water, even 
at 150 **C. Calcite has been used for years in drilling fluids to form filter cakes that are 
subsequently removed with acid. Furthermore, soUd acid-precursors such as polyglycoUc 
acid soften and deform at high temperatures, whereas particles of materials such as 
magnesium oxide are hard. The deformation of the softened polyglycoUc acid traps the 
magnesium oxide and makes it an even better fluid loss additive and fUter cake former. 

There are a number of composition embodiments of the Invention. In the simplest 
embodiment, sized particles, beads, fibers, platelets or ribbons (or other shapes) of solid acid- 
precursor are mixed with sized particles of calcium carbonate in a drill-in fluid. It is also 
. within tiie scope of the Invention to manufacture particles tiiat contain both the solid acid- 
precursor and die acid-soluble particulate material, for example to co-extrude (and optionally 
then to comminute) mixtures of calcium carbonate and solid acid-precursor in particles, 
fibers, platelets or ribbons tiiat are used for this function. Calcium carbonate or otiier soUd 
acid-reactive material coated with solid acid-precursor may also be used. In these uses, the 
tightness of tiie packing of tiie particles in tiie filtercake may also be used to control the rates 
of generation of acid and dissolution of particles by affecting local concentrations of reactants 
and products, convection, and other factors. 

Another advantage to the use the mixtures of tiie favention in fluid loss additives and- 
filter cakes is tiiat flie acid generated in ttie self-destruction process may function as a breaker 
for polymeric or viscoelastic surfactant viscosifying agents. Acids are known to damage or 
destroy syndietic polymers and biopolymers used to viscosify drilling, completion and 
stimulation fluids. Acids are also known to damage or destroy eitiier tiie micelle/vesicle 
structures formed by viscoelastic surfactants or, in some cases, tiie surfactants tiiemselves. 

When solid acid-precursors or mixtures of solid acid-precursors and solid acid- 
reactive materials are used in fluids in such treatments as drilling, drill-in. completion, 
stimulation (for example, hydraulic fracturing or matrix dissolution), sand control (for 
example gravel packing, frac-packing, and consolidation), diversion, and ottiers, the solid 
acid-precursor or mixture of soUd acid-precursor and soUd acid-reactive material arc initially 
inert to tiie odier components of flie fluids; so tiie oflier fluids may be prepared and used in 
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theusualway. NonnaUy. such fluids already contain a fluid loss additive and filter cake ' 
fonner. so the soUd acid-precursor or nuxture of solid acid-precursor and soUd acid-reactive 
matenal replace some or aU of the fluid loss additive and filter cake fonner that would 

otherwisehavebeenused. laxnany cases, if the fluidcontainsacomponent that w 
or be affected by the soUd acid-precursor or mixture of solid acid-precursor and soUd acid- " 
reactive material (such as a buffer, another acid-reactive material, or a viscosifier that fonns 
• ^'"^^^^tedinfiltercakesXeithertheampuntornatureofthesoUdacid-precu^^^ 
nuxtu« Of soUd «:id-precursor and solid acid-reactive material or the amount 
mterfering or interfered-with component may be adjusted to compensate for the mteraction 

nus may readily be detennined by simple laboratory experiments. 

Althoughthecompositionsandmedaodembodimentsofthelnventionaredescribed 
m terms of producing wells for oil and/or gas. the compositions and methods have other uses 
for example they may also be used in injection wells (such as for enhanced recovery or for ' 
storage or disposal) or in production weUs for otiier fluids such as carbon dioxide or water. 

ExanifileL Lactic acid is not as commonly used as an acid in oilfield treatments as 
are ormic. acetic and citric acids. Tests were run to determme the capacity of lactic acid in 
the dissolution of calcite at 82 °C. Hgure 1 shows ti.e concent«tion of calcite m ppm 
dissolved by reagent grade lactic acid as afunction of weight percent acid in water Lactic 
acxd has a capacity for dissolving calcite that is shnilar to acetic acid or fonnic acid, and 

much higher than citnc acid These tests demonstrate ti»t lactic acid generatedftomalacu^ 
polymer is effective for dissolution of calcium carbonate. 

faaE!U.Experimentswereperfom.ed(Tablel)toevaluatethehy^^^^^^^ 
FLA and to compare the hydrolysis rates of PLA witii and witiiout added calcite The PLA 
wasNATUREWORKSTMp^p,!,,^,^^,^^^^^^^^^^^^^^^ 

L-lactic acid, available ftom CargiU Dow. Minnetonka. MN. USA. Th. material was used as 
approximately4mmdiameterbeads. The calcite was reagent grade powder. 45.04Grams 
PLA and 20 grams calcite. when used, were added to 500 ml distiUed water. The time shown 
IS the time for 100 % hydrolysis. 



Composition 
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PLA 


Dissolves in greater 
than 2 hours 


Dissolves in greater 
than 2 hours 


Dissolves in less 
than 2 hours 


FLA + Calcite 


Dissolves in greater 
than 2 hours 30 
minutes 


Dissolves in less than 
2 hours iu mmuies 


Dissolves in less 

tVian A.^ miTiilteS 


Calcite 


Insoluble 


Insoluble 


Insoluble 



Table 1 

These results show that this soUd acid-precutsor hydrolyses and dissolves at a rate 
suitable for use as a self-destructive fluid loss additive and filter cake former. Furthermore, 
calcite, which is insoluble in water under these conditions, accelerates the rate of PIA 
5 hydrolysis and is itself dissolved in the generated acid. 

EsamElcl Experiments were run to determine the suitabiUty of various materials as 
fluid loss additives. Experimental conditions and results are shown in Table 2. Berea 
sandstone cores (2.54 cm long and 2.54 cm in diameter) were mounted in an API static fluid 
losscell. Cores were flushed with 2% KCl brine, heated to the mdiiated temperature, and the 
10 permeabilitytothebrinewasdeterminedataflowrateof5mymin. Then the indicated fluid 
was injected at a constant pressure of 6.895 MPa. THe weight of effluent fluid was 
determined with a balance and iecorded as a function of time. Uak-off was characterized in 
two ways: the "spurt", which was the initial rapid leak-off of fluid before a filter cake barrier 
was formed on the core face (indicated by the grams fluid leaked off m tiie first 30 seconds), 
15 and."waU",whichwasfliesubsequentleak-offtiiatoccurredevenafterafiltercakewas 
formed (indicated by die grams per minute of fluid leaked off between 15 and 30 minutes). 

AU concentrations Shown in Table 2 are in weight percent. The surfactant used in aU 
experiments was obtained from the supplier (Rhodia. Inc. Cranbury. New Jersey. U. S. A.) as 
Mirataine BET-E-40; it contains 40% active ingredient (erucylamidopropyl betaine). witii the 
20 remainder bemg substantially water, sodimn chloride, and isopropanol. The MgO used was 

MagChem 35. obtained from Martin Marietta Magnesia Specialties LLC. Baltimore. MD. 
USA. It has a mean particle size of 3 - 8 microns. The PGA used was Dupont TIP 6267. 
described by tiie suppUer as a crystalline material having a molecular weight of about 600 
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Aldnoh. »ha..Me«,partcl.siz. of abou, 40 micros. He PGA and Oie solid .rtd. 

sodium sesquicarbonate. "ucoizawas 

.^tojrr'^'^'"'^*"^"''"*"''^"""'^.'-'''"'''- 

I«.,nDco„wo«,db.^*„,«,^.3„^^^^, ^ 
fi.«rca,»fo„^a„.„.,,„„,^^^^„^^^_^^^^^^^^^ 

pr«urs„,„soUd.cid-,»aod.oMa«d,inoo,«h.Ag.taoad^g.^ 
Of surfactant may be required. 
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What is claimed is: 



1. AnoilfieldtreatmentcomposMoncomprisingamixtureofasolidaci^^^^^ 
and a solid acid-reactive material. 

2. The composition of claim 1 wherein the mixture is a physical mixture of particles. 

3. The composition of claim 1 wherein the solid acid-precursor and the solid acid- 
reactive material are present in the same particle. 

4. Thecompositionofclaim3whereinthesolidacid-precursorsurroundsthesolid 
acid-reactive material. 

5. The composition of claim 4 wherein the solid acid-reactive material is soluble in 
water. 

6. Tie composition of claim 5 wherein the soUd acid-reactive material is boric acid 
or borax. 

7. The composition of any of claims 1 through 7 wherein the solid acid-precursor is 
selected from the group consisting of lactide. glycolide. polylactic add 
polyglycolic acid, copolymers of polylactic acid and polyglycolic acid, 
copolymers of glycoUc acid with other hydroxy-, cari^oxylic acid- or ' 
hydroxycarboxylic acid-containing moieties, copolymers of lactic acid with other 
hydroxy, carboxyUc acid-, or hydroxycarix,xylic aoid-containing moieties, and 
mixtures thereof. 

8. Thecompositionofanyofclaimslthrough4and7whereinthesolidacid- 

reactivematerialisselectedfromthegroupconsistingofmagnesiumhydroxide 

calciumcarbonate.aluminumhydroxide.calciumoxalate.calciumphosphate ' 

alummummetaphosphate.sodiumzincpotassiumpolyphosphateglass.and ' 
sodium calcium magnesium polyphosphate glass. 

9. Tire composition of any of the preceding claims wherein the soUd acid-precursor 
IS coated with a hydrolysis-delaying material. 
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10, An oilfield treatment method in which a filter cake is formed and at least partially 
destroyed on a subterranean formation surface comprising: 

a) preparing an oilfield treatment fluid comprising: 

i) a solid acid-precursor, and 

ii) a solid acid-reactive material; 

b) injecting said oilfield treatment fluid into a wellbore penetrating said 
formation, causing said fluid to contact said formation surface; 

c) forming a filter cake on said formation surface; and 

d) allowing at least a portion of said solid acid-precursor to hydrolyze, 
whereby at least a portion of said solid acid-reactive material dissolves. 
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